Introduction
Spondylolysis is a condition affecting the lumbar spine in which there is a unilateral or bilateral defect of the pars interarticularis. Such defects have been identified in 11.5% of adult Caucasians and the majority remain asymptomatic [1, 2] . However, the condition can cause pain and progress to spondylolisthesis. Symptoms are more likely to occur in children and adolescents undertaking sports that involve repetitive forced hyperextension of the lower back, such as gymnastics [3] . Spondylolysis is considered to be a fatigue fracture due to the high stresses put through the lumbar spine, particularly the L5 pars interarticularis, as a consequence of our bipedal gait.
Treatment is usually conservative and the majority of cases will settle with abstinence from sport and physiotherapy [4] . For persistent pain, or in cases of neurological compromise, surgery may be indicated. This traditionally involved posterior or posterolateral fusion of the affected segment [5, 6] . However, it has been proposed that this might cause unnecessary stiffness and next level disc degeneration due to the loss of a spinal motion segment. Therefore, attention has turned more recently to direct repair of the defect. Various techniques have been described, involving internal fixation of the defect, either with a screw or cerclage wiring [7] [8] [9] . Healing may be augmented by autologous iliac crest bone graft. While this has the benefit of being a smaller operation, non-union and pseudarthrosis rates of up to 25% have been reported [10] . This is higher than following fusion [11] . Furthermore, Seitsalo et al [12] demonstrated that fusion does not significantly increase the rate of degeneration in the adjacent disc above the fusion in a group of patients treated surgically for symptomatic spondylolysis. Fusion remains the treatment of choice for high grade spondylolisthesis and any slip associated with spina bifida, degenerative disc or facet disease, dysplastic bony changes or segmental instability [13] . The grading system for spondylolisthesis, as described by Meyerding, is detailed in Table 1 .
Due to the lack of clarity as to the optimum surgical intervention, this review aims to establish if there is a difference in functional outcome between direct repair of the defect and intervertebral fusion for adolescent spondylolysis or low grade spondylolisthesis.
Methodology
For this review, functional outcome will be evaluated using the Oswestry Disability Index (ODI). This patient-reported score is among the leading disease-specific outcome measures for lumbar disorders [14] . It has been validated for a number of different lumbar conditions [15] [16] [17] and has been used as a bench mark to validate numerous other instruments [14] . 0-19% is considered as minimal disability, 20-39% moderate, 40-59% severe, and over 60% as crippled [18] . For lumbar surgical procedures, the minimum clinically important difference in ODI score has been calculated as 12.8 points [19] . The ODI has not been validated in the management of adolescent spondylolysis.
Literature Search and Study Selection
A search of the Medline database (1945-present) was performed using OvidSP on 6 th February 2012. The search strategy is detailed in Table 2 . As recommended by the Cochrane Handbook of Systematic Reviews [20] , a variety of search terms were employed, combining index terms and free-text terms, to identify papers dealing with patient-reported outcomes. Abstracts were assessed for relevance and full-texts were reviewed of those that met the inclusion criteria on initial assessment. The reference sections of these papers were scrutinised for further relevant articles.
Studies were included if a patient group with average age of less than 21 years received direct repair or intervertebral fusion for spondylolysis or low grade spondylolisthesis (Meyerding Grade I and II) and was assessed post-operatively with the Oswestry Disability Index. All levels of evidence were included but case reports and case series with fewer than five patients were excluded.
Results
127 studies were identified by the Medline search strategy. The process by which articles were selected is detailed in Figure 1 . 14 were selected for full-text assessment on the basis of their abstract. Nine studies met the inclusion criteria and are detailed in Table 3 . Two were excluded because the average age was over 21 [11, 21] , two because the ODI was not used in patient assessment [22, 23] , and one was excluded because too few patients were in the appropriate age group [24] . All the included studies were level III or IV evidence.
Formal evaluation of methodological quality was not performed but the key weaknesses of the studies are detailed in Table 4 . Pooled statistical analysis was not attempted due to the variability of surgical procedures performed in each group and the apparent likelihood of patient duplication between studies, as detailed in Table 4 . The majority responded to conservative treatment with activity modification, bracing and physical therapy but eight remained symptomatic and underwent modified Buck's fusion as previously described, following a positive response to local anaesthetic pars infiltration. They were treated contemporaneously at the same centre with those reported in Debnath's earlier work, so there may be some duplication of patients between the two studies. Mean ODI dropped from 39.4 to 6.4, the best outcome of any repair, although the lesions were unilateral and therefore not associated with a spondylolisthesis. One patient with spina bifida suffered a symptomatic non-union, requiring posterior fusion.
Koptan et al treated ten patients who had developed spondylolysis following correction of painless idiopathic scoliosis [28] . Local anaesthetic infiltration of the pars defect was used to confirm the cause of pain. In five cases, a 1mm double cable was looped between a pedicle screw and the spinous process bilaterally. Five cases received a modular construct similar to that used by Altaf et al. All had iliac crest bone graft placed in the defects. It must be remembered that the ODI has not been validated in adolescent spondylolysis.
The SRC questionnaire may be a more appropriate instrument in adolescents as it includes questions on cosmetic appearance and does not feature questions on sexual function.
Helenius et al showed it to correlate well with the ODI in patients undergoing fusion for adolescent spondylolysis [31] . Furthermore, the ODI had not been validated to be used in Finnish at the time these studies were presented, although this has now been performed Due to the apparent long term advantage of fusion and the lack of clarity as to the theoretical advantages of direct repair, a randomised controlled trial is necessary to establish the optimum mode of treatment for this condition. The issues of level of disease and degree of slip would have to be addressed, either through inclusion criteria or randomisation. Subgroup analysis may be required to separate the efficacy of the various interventions described. The outcome measures should include clinician-based evaluation (range of movement and trunk strength), radiographic analysis (union rates and disc degeneration), and patient-reported outcomes, including the ODI and SRC questionnaires.
A long time period will be required for recruitment and follow-up for an RCT in this condition, so in the meantime the authors look forward to the long term outcomes from the studies of direct repair featured in this review.
In conclusion, this systematic review does not demonstrate a clinically significant difference in functional outcome, as measured by the ODI, between direct repair and fusion for paediatric spondylolysis or low grade spondylolisthesis. Further well-designed prospective studies are necessary.
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